Background and objectives: Patients with allergic disorders such as allergic rhinitis or asthma have been reported to be at increased risk for atherosclerosis. In this study, we evaluated the relationships between peripheral eosinophil count and degree of albumin excretion rate, which is a useful marker of cardiovascular mortality as well as diabetic nephropathy in patients with type 2 diabetes.
C ardiovascular disease (CVD) is the leading cause of mortality and morbidity in patients with type 2 diabetes (1, 2) . Evidence has accumulated that inflammation such as chronic infection or collagen disease is crucially involved in atherogenesis (3) . In addition, patients with allergic disorders such as allergic rhinitis or asthma have also been reported to be at increased risk for atherosclerosis (4) . Indirect support for this clinically relevant concept is derived from previous studies that showed disorders such as eosinophilia, elevated serum IgE level, positive skin-prick test, and selfreported asthma are associated with increased risk for CVD (5) . Male gender is an independent risk factor for CVD (6) . Moreover, elevated albumin excretion rate, which is a useful marker of diabetic nephropathy, has been reported to be associated with increased risk for cardiovascular mortality (7) . No study has investigated the association between eosinophil count in peripheral blood and diabetic nephropathy. In this study, we evaluated the relationships between peripheral total leukocyte count or eosinophil count and degree of albumin excretion rate in patients with type 2 diabetes.
Materials and Methods

Patients
Peripheral total leukocyte count and eosinophil count were measured in 783 consecutive patients (416 men and 367 women) who had type 2 diabetes and were recruited from the outpatient clinic at the Kyoto Prefectural University of Medicine. Blood samples were obtained during a period of high-allergen exposure in Japan (from March to May). Type 2 diabetes was diagnosed according to the Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus (8) . Retinopathy was assessed by chart review and was graded as follows: No diabetic retinopathy, simple diabetic retinopathy, and proliferative diabetic retinopathy. Nephropathy was graded as follows: Normoalbuminuria, urinary albumin excretion Ͻ30 mg/g creatinine (Cr); microalbuminuria, 30 to 300 mg/g Cr; or macroalbuminuria, Ͼ300 mg/g Cr. Sitting BP was measured after a 5-min rest. CVD was defined as a previous myocardial or cerebral infarction on the basis of the clinical history or physical examination. Patients were classified as nonsmokers, past smokers, or current smokers according to a self-administered questionnaire. Patients with malignant disease, liver cirrhosis, hematologic disease, or advanced renal dysfunction (serum Cr Ͼ2.0 mg/dl) were excluded from this study. Patients were also excluded when they were taking any medications that are known to affect allergic reaction (e.g., corticosteroid, antiallergy agents).
Experimental Design
We evaluated relationships of peripheral eosinophil count to degree of albumin excretion rate as well as to major cardiovascular risk factors, including age, BP, serum lipid concentration, and glycemic control (glycosylated hemoglobin [HbA 1c ]); body mass index; current treatment for diabetes; smoking status; and presence of CVD. This study was approved by the local research ethics committee and was conducted in accordance with the Declaration of Helsinki, and informed consent was obtained from all participants.
Biochemical Analysis
Peripheral leukocyte analyses included total leukocyte counts and percentages of eosinophils using an automated cell counter (XE-2100 Hematology Alpha Transportation System; Sysmex, Kobe, Japan). The absolute count of eosinophil was calculated as the product of its percentage and total leukocyte count. Serum total cholesterol, HDL cholesterol, and triglyceride concentrations were assessed using standard enzymatic methods. HbA 1c was assayed using HPLC. Urinary albumin and Cr concentration were determined in an early morning spot urine sample. Albumin excretion rate was measured with an immunoturbidimetric assay. A mean value for urinary albumin excretion was determined from three urine collections.
Statistical Analysis
StatView 5.0 (SAS Institute, Cary, NC) and R 2.9.0 were used for statistical analyses, and P Ͻ 0.05 was considered statistically significant. Kruskal-Wallis tests were conducted as appropriate to assess statistical significance of differences between groups. Because both total leukocyte count or eosinophil count and albumin excretion rate showed skewed distributions, logarithmic transformation was carried out before performance of correlation and regression analysis. The relationships between log(eosinophil count) and log(albumin excretion rate), age, glycemic control, or other variables were examined by Pearson correlation analyses. For examination of the effects of various factors on log(albumin excretion rate), the following factors were considered simultaneously as independent variables for multivariate linear regression analysis in both genders: Log(total leukocyte count), log(eosinophil count), age, duration of diabetes, body mass index, HbA 1c , systolic BP (SBP), serum total cholesterol concentration, and smoking status.
Results
Characteristics of the 783 patients (416 men and 367 women) who had type 2 diabetes and were enrolled in this study are shown in Table 1 . Relationships between log(eosinophil count) and other variables for both genders are shown in Table 2 . SBP, serum triglyceride concentration, and log(albumin excretion rate) were positively associated with log(eosinophil count) in men. Serum triglyceride concentration was positively associated with log(eosinophil count), but no association was found between log(albumin excretion rate) and log(eosinophil count) in women. Log(eosinophil count) differs significantly according to diabetic retinopathy and nephropathy in men but not in women (Table 3 ). In addition, log(eosinophil count) did not differ between patients with or without CVD or between patients who were treated with and without insulin for both genders. At first, we investigated the association of log(albumin) excretion with gender, log(eosinophil count), and the interaction term gender * log(eosinophil count) in linear regression analyses. The interaction term was significant (P Ͻ 0.001), and then the multivariate analyses were stratified by gender. Multivariate linear regression analysis demonstrated that log(eosinophil count), duration of diabetes, HbA 1c , SBP, and serum triglyceride concentration were independent determinants of log(albumin excretion rate) in men (Table 4) .
Discussion
Log(eosinophil count) correlated positively with degree of urinary albumin excretion in men with type 2 diabetes, which suggests that eosinophil has a potential role for progression of diabetic nephropathy. It is interesting that log(eosinophil count) differs significantly according to diabetic retinopathy as well as diabetic nephropathy in men. Multiple regression analysis also identified log(eosinophil count) as an independent determinant of log(albumin excretion rate). Our data suggest a possible link between allergic disease, as manifested by elevated eosinophil count, and diabetic nephropathy in men with type 2 diabetes. To our knowledge, this is the first report of such a relationship and suggests new avenues for research into the pathogenesis of diabetic nephropathy.
For explaining plausible mechanisms of eosinophils in pro- Table 3 . moting arteriosclerosis, several mechanisms can be suggested. Marone et al. (9) proposed that eosinophils can secrete other eosinophil cationic protein and major basic protein, which can activate mast cells. These activated mast cells can then release histamine, which can result in arterial spasm. Hallgren et al. (10) suggested the active participation of eosinophils in the inflammatory process in patients with acute myocardial infarction, and Trillo et al. (11) found eosinophils in the aortic fatty streaks of African green monkeys. Moreover, the enzyme arachidonate 15-lipoxygenase is expressed in significant quantities in eosinophils (12) . This enzyme may be involved in oxidative modification of LDL in the early phase of atherogenesis and may contribute to the development of arteriosclerotic lesions. Taken together, it seems plausible that eosinophils have a role in endothelial inflammation.
Comparisons of eosinophil count in various groups
The nature of the association observed between allergy and degree of urinary albumin excretion remains speculative; however, allergic disorders may constitute a true risk factor. More than 30 yr ago, Wittig et al. (13) and Reeves et al. (14) reported seasonal nephritic syndrome. There is ample evidence that localized allergic disease elicits a systemic inflammation response that is mediated by the release of vasoactive peptides and cytokines into the circulation. Endothelial cells at locations distinct from the site of allergen exposure were found to enhance adhesion molecule expression, thereby facilitating leukocyte trafficking into the vessel wall and potentially promoting arteriosclerosis. In a subgroup of men with type 2 diabetes (n ϭ 206), log(eosinophil count) tended to be positively associated with serum high-sensitivity C-reactive protein (r ϭ 0.120, P ϭ 0.085), although it did not reach statistical significance. Among men, allergic rhinitis, which was self-reported, was diagnosed in 25.1% of patients with diabetes in this study population. Log(eosinophil count) and log IgE in patients with allergic rhinitis were significantly higher than those in patients without allergic rhinitis (2.28 Ϯ 0.28 versus 2.21 Ϯ 0.30 [P ϭ 0.0449] and 2.05 Ϯ 0.76 versus 1.79 Ϯ 0.75 [P ϭ 0.0197], respectively). Moreover, log(eosinophil count) was positively associated with log(IgE) (r ϭ 0.239, P ϭ 0.0003). Because allergy is a common disease and increases in Western countries and in Japan, our findings may have important implications for diabetic nephropathy. Surprising, the strength of log(eosinophil count) as an independent determinant of log(albumin excretion rate) was greater than those of known factors such as SBP, HbA 1c , and duration of diabetes in multivariate linear regression analysis.
Limitations of our study include a cross-sectional design, which does not permit the determination of causality. Allergic rhinitis is seasonal; however, it must be considered that blood samples were obtained during a period of high-allergen exposure. Log(albumin excretion rate) was not significantly associated with log(eosinophil count) in women with type 2 diabetes. We cannot explain this gender difference; however, Criqui et al. (15) also demonstrated that IgE may be an independent marker for CVD in men but not in women. Peripheral leukocyte count has been shown to be associated with insulin resistance, type 2 diabetes (16), CVD (17) , and diabetic microangiopathy and macroangiopathy (18, 19) ; however, the correlation coefficient between log(total leukocyte count) and log(eosinophil count) was 0.33, which means that 0.67 of the variation in eosinophils was not explained by its association with total leukocytes. Multivariate linear regression analysis also identified log(eosinophil count) as an independent determinant of log(albumin excretion rate) after adjustment for log(total leukocyte count). Moreover, log(eosinophil count) was as an independent determinant of log(albumin excretion rate) after adjustment for log-(total leukocyte count) and other different leukocyte counts (data not shown). To our knowledge, this is the first study to investigate the association between log(eosinophil count) and degree of albumin excretion rate in patients with type 2 diabetes. Although we are unable to determine whether eosinophil has a causative effect, these findings suggest that eosinophilia combined with diabetes might be associated with an increased risk for the development and progression of diabetic nephropathy.
The clinical relevance relates to potential preventive and therapeutic approaches, whereas the diagnostic relevance concerns the diagnostic utility of eosinophil count, as a provisional new marker of diabetic nephropathy as well as atherosclerosis, that can be measured easily in the clinical laboratory and applied in medical practice. The intriguing concept of a role for eosinophils in diabetic nephropathy holds great promise for the 
